BACKGROUND: There are limited data on how maternal age is related to twin pregnancy outcomes. OBJECTIVE: The purpose of this study was to assess the relationship between maternal age and risk for preterm birth, fetal death, and neonatal death in the setting of twin pregnancy. STUDY DESIGN: This population-based study of US birth, fetal death, and period-linked birth-infant death files from 2007e2013 evaluated neonatal outcomes for twin pregnancies. Maternal age was categorized as 15e17, 18e24, 25e29, 30e34, 35e39, and 40 years of age. Twin live births and fetal death delivered at 20e42 weeks were included. Primary outcomes included preterm birth (<34 weeks and <37 weeks), fetal death, and neonatal death at <28 days of life. Analyses of preterm birth at <34 and <37 weeks were adjusted for demographic and medical factors, with maternal age modeled with the use of restricted spline transformations. RESULTS: A total of 955,882 twin live births from 2007e2013 were included in the analysis. Preterm birth rates at <34 and <37 weeks gestation were highest for women 15e17 years of age, decreased across subsequent maternal age categories, nadired for women 35e39 years old, and then increased slightly for women 40 years old. Risk for fetal death generally decreased across maternal age categories. Risk for fetal death was 39.9 per 1000 live births for
women 15e17 years old, 24.2 for women 18e24 years old, 17.8 for women 25e29 years old, 16.4 for women 30e34 years old, 17.2 for women 35e39 years old, and 15.8 for women 40 years old. Risk for neonatal death at <28 days was highest for neonates born to women 15e17 years old (10.0 per 1,000 live births), decreased to 7.3 for women 18e24 years old and 5.5 for women 25e29 years old and ranged from 4.3e4.6 for all subsequent maternal age categories. In adjusted models, risk for preterm birth at <34e<37 weeks gestation was not elevated for women in their mid-to-late 30s; however, risk was elevated for women <20 years old and increased progressively with age for women in their 40s. CONCLUSION: Although twin pregnancy is associated with increased risk for most adverse perinatal outcomes, this analysis did not find advanced maternal age to be an additional risk factor for fetal death and infant death. Preterm birth risk was relatively low for women in their late 30s. Risks for adverse outcomes were higher among younger women; further research is indicated to improve outcomes for this demographic group. It may be reasonable to counsel women in their 30s that their age is not a major additional risk factor for adverse obstetric outcomes in the setting of twin pregnancy.
Key words: maternal age, outcome, twin pregnancy E xtremes of maternal age and twin pregnancy are both independent risk factors for adverse pregnancy outcomes. Advanced maternal age (AMA), defined as 35 years old, is associated with increased risk for spontaneous and indicated preterm birth, fetal death, aneuploidy, and maternal complications. [1] [2] [3] Compared with the general population, teenage mothers are at increased risk for adverse outcomes that include preterm birth, small-forgestational-age infant, and neonatal death. [4] [5] [6] Twin pregnancy is also a risk factor for preterm birth, fetal death, and multiple other adverse outcomes. 7 Women 35 years old are more likely to become pregnant with twins, because both increasing parity and fertility treatment increase the risk for multiple gestations. 8, 9 In recent decades in the United States, the proportion of both twin and AMA births has increased. 10 Probability of twin pregnancy may be an important consideration in assisted reproductive technology decision-making, particularly for older infertility patients who desire >1 child. 11 However, there is limited research evidence regarding to what degree extremes of maternal age may be associated with increased risk for adverse outcomes. Data from in vitro fertilization pregnancies suggests that AMA may not be a risk factor for preterm birth with twins. 12 Linked-twin birth-infant death certificates from the 1980s and 1990s demonstrated decreased infant mortality rates with advancing maternal age. 13 More recent studies and subgroup analyses of twins generally have found that AMA is not associated with increased risk for adverse outcomes [14] [15] [16] [17] [18] [19] ; however, these findings have been limited by the sample sizes of these reports. Data focused on twin pregnancy among teenage mothers are limited. 20 Given that the role of maternal age in relation to twin pregnancy outcomes is not well-characterized, we evaluated how risk for adverse outcomes may be affected by this factor. Better knowledge of maternal ageebased outcomes may be of value in preconception counseling for women who seek fertility treatment as well as those with a new diagnosis of twin pregnancy.
Methods
This population-based analysis of twin pregnancies used US birth, fetal death, and period-linked birth-infant death files from 2007e2013. The primary outcomes of this study were to evaluate the risks of (1) fetal death, (2) preterm 22 Although the quality and validity of data on birth certificates varies, previous analyses have found obstetric estimate of gestational age to be accurate. 23, 24 We included women between 15 and 50 years of age and divided maternal age into 7 categories: 15e17, 18e24, 25e29, 30e34, 35e39, and 40 years. For fetal death, most states require reporting based on either a gestational age of 20 weeks gestation or birthweight of 350 g. 5 To determine the risk of preterm birth, all twin live births from 20e41 completed weeks were included, and the proportions of births that occurred at <34 and <37 weeks gestation, based on the obstetric estimate of gestational age, were calculated. To determine the risk of neonatal deaths, US vital statistics linked birth/infant death data was used. Within the US vital statistics data, linkage of infant deaths to live births is performed in >98% of all cases. 6 Risk for neonatal death at <28 days of life was calculated by dividing deaths that occurred at <28 days of life by all live births.
For preterm birth at <34 and <37 weeks gestation based on an obstetric estimate of gestational age, bivariate analyses for medical and demographic factors that included maternal age were performed, then adjusted models were created from twin births reported in the 2003 revised format. In the adjusted models, demographic variables included parity, race/ethnicity (non-Hispanic white, non-Hispanic black, nonHispanic other, and Hispanic), highest level of education (<9th grade through professional degree), and marital status (married or unmarried). Medical factors included preexisting diabetes mellitus and chronic hypertension. Because US vital statistics data are both publically available and de-identified, this analysis was exempt from institutional review board approval.
Bivariate analyses were performed with the use of the c 2 test. Log-linear regression models for preterm birth <34 and <37 weeks gestation in relation to maternal age were developed with risk ratio estimated by the use of a Poisson regression with robust error variance. Maternal age was modeled with the use of restricted cubic spline transformations. Regression splines are nonparametric smoothing procedures that do not impose any restriction on the shape of distribution between the continuous predictor and the outcome; this method allows flexibility in modeling the nonlinear relationship between continuous predictors (maternal age) and the outcome. 25, 26 We elected to use regression splines because of data on risk for adverse outcomes being increased at either end of the maternal age spectrum; if we presumed a linear relationship between the continuous predictor and the outcome, we would not be able to model the relationship appropriately. The appropriate number of knots for maternal age in the models was determined based on the likelihood-ratio test. 25 An 8-piece restricted cubic spline with knot locations for maternal age at 19 (4th percentile of the patient population), 24 (21st percentile), 27 (35th percentile), 30 (53rd percentile), 33 (71st percentile), 36 (86th percentile), and 42 (98th percentile) years was applied to the regression models for ajog.org 
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Similarly, risk for neonatal death at <28 days of life was highest for neonates born to women 15e17 years old (10.0 per 1000 live births), decreased to 7.3 for women 18e24 years old and 5.5 for women 25e29 years old, and was then lower for all subsequent maternal age categories. Table 3 gives the adjusted analyses for preterm birth at <34 and <37 weeks gestation. Factors associated with increased rates of preterm birth at both <34 and <37 weeks gestation included black race (with white race as a referent; risk ratio [ 
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The findings of this study suggest that, although extremes of maternal age may be associated with increased risk for preterm birth among twin pregnancies, the risks for fetal death and neonatal death were generally lower for older women than the rest of the population. Furthermore, women in their mid-tolate 30s had the lowest risks of preterm birth at <34 and <37 weeks gestation, with risk for women in their early 40s similar to that of women in their early 20s. Given that nearly three-fourths of AMA twins were to women 35e39 years old, these findings suggest that for most AMA pregnancies, maternal age will not be a major risk factor for adverse outcomes, which includes preterm birth.
Conversely, risk for adverse outcomes that include preterm birth, fetal death, and neonatal birth was higher for the youngest women who were the highest risk patients in this cohort.
Interpretation of findings
These findings support previous analyses that demonstrated that AMA in the setting of twin pregnancy is associated with outcomes similar to the general population. 7, 13, 14, 19 An important question in research on singleton outcomes is whether maternal age is an independent and direct risk factor for preterm birth or whether the associations seen are primarily due to comorbid risk factors. 27 It is possible that the similar age-based risk 28 For these at-risk women, increased surveillance may be warranted. We note that the additional adjusted risk for preterm birth at <34 weeks gestation for black women is below that demonstrated by other analyses. 22 This may be the result of changes in risk for this population, more extensive modeling of the effect of maternal age, or unmeasured confounding (such as zygosity). Future research is indicated on preterm birth prevention strategies for twins, given the lack of validated strategies to reduce risk for these pregnancies. Close follow up during prenatal care and the application of models that detect risk for preterm birth may lead to improved outcomes.
An important consideration of this analysis is that, although these findings may be reassuring for AMA women with twin pregnancy, it is important to note that our findings demonstrate that overall twin pregnancies are associated with increased risk for preterm birth, fetal death, and neonatal death and that outcomes for singleton pregnancy are significantly better. 29 Furthermore, increased risk for preterm birth at <34 weeks gestation was noted as women progressed towards their mid-40s.
Strengths and limitations of the study
Strengths of the study include a national sample of women with information on the primary outcomes of preterm birth; likely high-quality data for gestational age, 23, 24 fetal death, neonatal death, and maternal demographics such as age; the relatively long study period (7 years), and the use of spline methods that allow the effect of maternal age to be characterized in a nonlinear manner.
Study limitations include (1) limited covariates that describe maternal and obstetric characteristics that include socioeconomic status, (2) specific ajog.org OBSTETRICS Original Research pregnancy factors such as chorionicity that are not included in the natality data, (3) fetal deaths for which multivariable analysis is not possible, given that data are further restricted in terms of demographic and medical data, (4) some birth certificate characteristics that are relevant to the outcomes, such as congenital anomalies, use of assisted reproductive technology and body mass index that were not included in the analysis because of concern for poor sensitivity, 30 (5) fetal deaths and delivery at <20 weeks gestation were not evaluated and risk for adverse outcomes at these gestational ages may follow a different distribution by maternal age, (6) antenatal surveillance regiments are not included in the data, (7) obstetric interventions such as antenatal corticosteroids, baby aspirin, cerclage, and progesterone are not included in the data, and (8) an analysis that takes the nonindependence of outcomes within a twin sibship is not possible, given that twins cannot be linked in the data set that includes evaluating risks of fetal death on a co-twin. That chorionicity is not included is a significant limitation; monochorionicity may be associated with increased risks for both preterm birth and major structural anomalies. 31 Given that parity >0 was associated with decreased risk for twin preterm birth at <34 weeks gestation, this factor may serve as a proxy that accounts in part for previous term (as opposed to preterm) birth. Because twins within a sibship could not be differentiated and listed birth certificate indications for delivery may have differed by birth certificate for the 2 fetuses within a twin pregnancy, we were not able to distinguish between indicated and spontaneous preterm birth. Given the large numbers of twins included in the analysis, some statistically significant differences may not be representative of meaningful clinical differences.
In summary, although twin pregnancy is associated with increased risk for most adverse obstetric outcomes, this analysis did not find AMA to be a significant additive risk factor for fetal death and neonatal death. Preterm birth rates were comparable with the general population (or lower) for women 35-39 years old. In comparison, the youngest mothers, those 15-17 years old, were at highest risk for all adverse outcomes. It may be reasonable to counsel most AMA patients without other major obstetric risk factors that after 20 weeks gestation their prognosis during a twin pregnancy is similar to that of the general population.
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